Abstract: Wood shavings or chopped straw in American mink dams' nests did not affect kit survivability (P ≥ 0.51). Straw-housed male kits were lighter at 6 wk (P = 0.01). Shavings nests were better constructed (all P ≤ 0.05); more nest box shavings were lost with juvenile mink (P < 0.01).
Mots-clés : vison d'Amérique, litière, format du nid, jeunes visons, perte de litière.
Commercially fur-farmed mink in North America are typically supplied with a single wire cage and a nest box. This nest box is filled with bedding material that may be composed of wood shavings, straw, hay, or sawdust with different materials supplied for different growth stages of mink (National Farm Animal Care Council 2013) . Provision of a nest box itself is important for improved mink welfare (Finley et al. 2012) . Provision of suitable bedding material during whelping that enables nest construction is critical to kit survival, growth, and maternal welfare (Malmkvist and Palme 2008) . The National Farm Animal Care Council Code of Practice for Farmed Mink states adequate bedding must be provided during whelping, lactation, furring, and winter months (National Farm Animal Care Council 2013), but bedding material loss resulting from animal activity often occurs on commercial farms, which may compromise mink welfare and survival. Chopped wheat straw is used as bedding material in Europe with preliminary studies showing higher kit survival rates with this material provided as bottom nesting material during whelping in comparison with wood shavings and chopped barley straw (Sønderup et al. 2009 ), but its suitability for other growth stages is unknown. The first objective of this study was to compare the survival and growth of American mink (Neovison vison) kits whelped in nest boxes provided with aspen wood shavings or chopped wheat straw and to score the quality of nests built with each material. The second objective was to compare rates of bedding material loss between pine wood shavings and chopped wheat straw in juvenile male and female mink during the furring period.
All research was approved by the Michigan State University Institutional Animal Care and Use Committee prior to the start of data collection. Mink were housed in outdoor sheds at the Michigan State University Experimental Fur Farm, exposed to natural light and ambient temperatures and were fed a standard meat-based wet diet daily with ad libitum access to water nipples.
For experiment 1, 42 mated females, both primiparous (n = 35) and multiparous (n = 7), were housed in whelping cages (77 cm L × 46 cm W × 31 cm H) with frontal wooden nest boxes (28 cm L × 42 cm W × 31 cm H with a small wooden divider to keep the nesting material away from the nest box entrance hole and to keep the kits contained) located within a single row. The dams were randomly divided into two groups with 21 dams provided aspen wood shavings (Northeastern Products Corp., Warrensburg, NY, USA) that were suitable for kits' skin (National Farm Animal Care Council 2013) and 21 provided chopped straw (Renew Energy Systems, St. Ansgar, IA, USA). Bedding material was placed in the nest boxes in the week of 15-19 April 2013 (approximately 1/3 of the nestbox filled with bedding material). Thirty-eight dams whelped between 24 April 2013 and 9 May 2013 with 20 from shavings and 18 from straw. Nesting material remained in the nest boxes prior to whelping. Litters were inspected daily to document kit mortality. Twenty kits of the 242 born (shavings: n = 118, straw: n = 124) died prior to 3 wk of age (shavings: n = 9, straw: n = 11) with four additional kits dying before 6 wk of age from the straw group (no. of kits surviving to 6 wk of age -shavings: n = 49 females, n = 60 males; straw: n = 60 females, n = 49 males).
At both 3 and 6 wk of age, all kits were individually sexed and weighed. The nests of all dams were also graded using a nest scoring system designed based on the range of observed manipulation of bedding material by dams (Table 1) , similar to the methodology used by Malmkvist and Palme (2008) . A bowl-shaped, compacted nest with high walls was deemed most manipulated and most effective in keeping the kits together in a group and warm (Malmkvist and Palme 2008) and thus received the highest score of five. All nests were visually scored by a single observer on wk 1, 3, 4, 5, and 6 after the whelping dates for individual dams. The nest box divider was removed at wk 4, after nest scoring. During wk 4 through 6, considerable bedding material loss was observed in some nest boxes; thus, a second experiment was conducted to compare variation in bedding loss between shavings and straw bedding materials.
For experiment 2, 51 juvenile males (n = 18) and females (n = 33) were used to document bedding material loss over a period of 8 wk from October 2013 through November 2013. The mink were randomly split into the two bedding material groups (shavings: n = 26, straw: n = 25) but with siblings of the same gender divided between the two groups. All mink were housed in wire mesh cages (62 cm L × 25 cm W × 38 cm H) with drop-in plastic and wire mesh nest boxes (24.5 cm L × 24 cm W × 29.5 cm H). Each nest box entry hole was 14.5 cm from the bottom of the nest box.
Either pine shavings (Wayne Davis Quality Bedding, Olivet, MI, USA) that are suitable for furred juvenile/ adult mink (National Farm Animal Care Council 2013) or straw bedding material was placed in the nest boxes on 30 September 2013 at a depth of 8 cm. All nests were assessed weekly for 8 wk by a single experimenter. Nests were visually scored using the same system as during whelping (Table 1) . Bedding loss was evaluated by measuring the depth in the center and on one side of each nest box. To ensure consistent depth measurements between nest boxes, each nest was shaken until the bedding lay flat, this also helped to remove any nest shape from material compaction. Following measurements, bedding material was replaced to a depth of 8 cm. The amount of bedding used to replenish the nest box was recorded by volume and measured in cups. The bedding volume and mass varied depending on how condensed the bedding material was. Volume was selected for measurements as it was more consistent for refilling the nest boxes to the 8 cm level. Both bedding materials required 12-13 cups to fill the nest box to 8 cm from empty.
For experiment 1, the number of kits whelped was converted to a proportion survivability past 6 wk for each individual adult female. Data were arcsine squareroot transformed with the proportion survivability between shavings and straw bedding groups compared using t tests. Kit weights were compiled separately for male and female kits from shavings and straw bedding groups at 3 wk (including the four kits that died between 3 and 6 wk of age) and 6 wk of age. A general linear model was applied to look at the effects of "family ID" nested within "bedding group" and "bedding group" separately by sex and age. When significant differences were present, post hoc Student's t tests were applied to the least-squares means. The Mann-Whitney U tests for No bedding material manipulation 1 Some bedding material manipulation, small depression in material, and material is not compacted 2 A bowl nest shape is formed, two or more sidewalls, approximately 5 cm deep (from the top of highest wall to the bottom of the nest), material is not compacted 3 A bowl nest shape is formed, two or more sidewalls, approximately 5 cm deep (from the top of highest wall to the bottom of the nest), material is well compacted (smoothed out nest bottom and wall surfaces) 4 A bowl nest shape is formed, two or more side walls, greater than 5 cm deep (from the top of highest wall to the bottom of the nest), material is moderately compacted (nest bottom and wall surfaces are uneven) 5 A bowl nest shape is formed, two or more side walls, greater than 5 cm deep (from the top of highest wall to the bottom of the nest), material is well compacted (smoothed out nest bottom and wall surfaces) nonparametric data were used to separately compare the weekly nest scores between shavings and straw and between primiparous and multiparous dams. For experiment 2, all nest scores, depth measurements of nests and number of cups of bedding material added across the 8-wk period for the assessment of bedding loss were averaged to create a single nest score, single nest depth value, and single number of cups added for each mink's nest box. Comparisons between mink with access to shavings or straw bedding, for depth value and cup number, were made using t tests. The Mann-Whitney U tests were used to compare the average nest scores between shavings and straw nests. All analyses were conducted in JMP version 12.1.0 (SAS Institute Inc., Cary, NC, USA) with α set at 0.05 and twotailed P values.
There were no differences in percentage kit survivability past 6 wk of age [shavings: 93.43 ± 2.61 (mean ± SEM); straw: 89.63 ± 3.62; P = 0.51]. There were significant effects of family ID within bedding group for both female and male kit body weights at 3 and 6 wk of age (all P < 0.0001). There was no effect of bedding group for female or male kit weights at 3 wk of age [shavings females: 110.57 ± 3.08 g (mean ± SEM); shavings males: 119.01 ± 2.93 g; straw females: 110.03 ± 1.99 g; straw males: 119.08 ±2.72 g; P ≥ 0.20]. However, there was a trend for an effect of bedding group on female kit weights at 6 wk of age [shavings females: 261.61 ± 9.77 g (mean ± SEM); straw females: 264.40 ± 6.14 g; P = 0.07] and a significant effect of bedding group on male kit weights at 6 wk of age (P = 0.01), with males from the straw group lighter than males from the shavings group [shavings males: 280.02 ± 8.36; straw males: 258.94 ± 10.89].
Nest scores were higher during wk 1, 4, 5, and 6 for shavings nests than for straw nests (all P ≤ 0.002) but shavings nests had only marginally higher scores during wk 3 (P = 0.05, Fig. 1 ). The straw material appeared to be more difficult to manipulate with less traction between individual pieces in comparison with shavings. Nest scores for both bedding materials declined across the weeks past whelping, possibly due to the increasing movement of the kits and following removal of the wooden divider after wk 4 nest scoring (Fig. 1 ). There were no differences in nest scores across the sampling weeks between primiparous and multiparous dams, separately for shavings and straw nests (all P ≥ 0.39).
During experiment 2, straw nest boxes, on average, received higher nest scores than shavings nest boxes [nest score (mean ± SEM) -shavings: 0.99 ± 0.57; straw: 1.41 ± 0.60; P = 0.02], but all scores were low indicating Fig. 1 . The weekly nest scores (relative to individual dam whelping date) for mink dams given either wood shavings or chopped wheat straw as bedding material in the nest box where a score of "0" indicates no bedding material manipulation and a score of "5" indicates a bowl-shaped nest with two or more side walls, greater than 5 cm deep with material compacted (see Table 1 for full scoring system). Individual data points represent individual nests, and P values indicate differences between bedding material groups within each scoring week. P < 0.005 P < 0.002 P < 0.0001 P = 0.05 P < 0.0001 either minimal or no material manipulation. Mink with shavings in their nest boxes had lower nest depth than mink with straw in their nest boxes indicating greater shavings bedding material loss [nest depth (mean ± SEM) -shavings: 4.15 ± 0.19 cm; straw: 4.97 ± 0.24 cm; P = 0.01]. Correspondingly, on average, more bedding material was replaced in the shavings nest boxes each week [cups (mean ± SEM) -shavings: 5.49 ± 1.87; straw: 4.16 ± 1.90; P = 0.02].
Overall, this study showed no difference between wood shavings and chopped straw bedding material in terms of kit survivability or body weight at 3 wk of age. But males from the straw group were lighter than males from the shavings group at 6 wk of age. The differences in body weight may have disappeared once kits were separated from their mothers and further study could track any long-term effects of differences in early kit growth resulting from bedding material type. Nests made of shavings received a higher nest construction score compared with nests made of chopped straw. This was likely due to the traction of shaving particles in comparison with straw particles to enable better nest construction. Chopped straw may be a suitable nest bottom substrate during whelping if additional materials such as uncut straw are provided for manipulation (Sønderup et al. 2009 ). Uncut straw or other more manipulable materials may have also differentiated between experienced and inexperienced females. Further study could assess maternal kit retrieval times, maternal stress and (or) frustration, and time spent in the nest box by dams to assess if poorer material for nest-building affected maternal care and (or) dam welfare (Malmkvist and Palme 2008) .
The higher rate of bedding loss for juvenile mink supplied with pine shavings in comparison with chopped straw indicates that the straw material may be suitable for bedding outside of the breeding season. Lower bedding loss may have also enabled the higher nest scores in the straw nest boxes if there was more material to form a hollow with. Anecdotal observations indicated mink buried themselves in the bedding material, which stuck to their fur when they left the nest box. Shavings appeared to adhere to the fur more than the chopped straw. Further detailed behavioral observations may determine why bedding loss occurs frequently on commercial farms and whether mink activity in the nest box is dependent on material provided. More data are also needed to determine if bedding loss correlates with other external variables such as weather and the welfare implications of empty nest boxes, particularly during freezing temperatures, which were experienced during the time period of this study. Bedding material may serve as enrichment for mink but has consequences for thermoregulation and mink comfort if material is rapidly lost from the nest box.
